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BACKGROI iNfn np THF iH'TMTjnf | 
Field of the Invention (T ^nicai FMri y 

The present invention relates to non-ce„u,ar dispiay of 7-transmemorane receptors on beads or in 
suspension, and their use in flow cytometry or multi-wel, fluorescence or resonance energy transfer to 
evaluate ligand discover especia.ly within combinatorial Varies. The invention is a.so a method to 
ne above constructs and protoco.s to detect reaMime receptor- G - pro tein interactions or interactions 
between receptors and other intracellular components. 



use 



Backorfyiprt p*- 

Much of modern biomedical research, including drug discovery. 



interactions, such as those between receptors and ligands. 
compounds and their cellular targets. Receptors are of 



involves the analysis of molecular 



30 these biological mediators controls such 



enzymes and substrates, and drug • 
particular interest, as signal transduction v 



processes as cell growth, movement and function. fa . 
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Daymen, of a sys,e m for homogeneous receplor ^ ^ ^ ^ ^ 

ana K,ne„cs. as we,, as ,he e,„cida,ion and ^ 

One ofme .arges, fami,ies of receptors in me human 9enome „ ^ ^ ? 
™ R ) superfam,, a,so known as G-protoin ^ recepl(Jrs , numberlng 

sfudied of *ese receptors * me N-formyl pep„de chemoanraaan, recepto, ,F RP) and „ serves a mode, 
system for the entire famir, „ „ ,a rgely re s P o„ slb ,e for numerous immune ^ ,„ ^ 
have been show, t „ be doC.no sites for Hrv en*y into white b ,ood and are ^ „ ^ 
.0 ,„ asthma as wel, as the diagnosis and treatment of neuro-endocn'ne cancer. 

7-™ R ,0 have seven transmembrane «-he,ica, domains 12, with three connecting loops on each 
inner and outer face of membrane 14. as shown in Pi, , The N,erm,na, re g io„ is extraocular, while 
the Cerminus is in^etiuia, The three ex*,ce,,u,ar ioops and .ransmemorane reofon participate in 
Dm binding. L,ands ma, can s«ate <a SOT is«c> or inhibit (antagonistic, recep,or function are 
primal targets in drug discovery, The infraceiluiar .oops, especially me second intraceliuiar ,oop and 
ta„, ,n contrast, participate in in.erac.ions with the G . prolel , G . proteins ^ ^ ^ ^ ^ 
ac.,va,ion, for example, through the ,n.erac«ion with formyi-peptide recepto,,,gand compiexes The 
pathway o, ce„ Nation for monovaien, chemoattractan, ,i 9 a„ds appears ,o ,nvo,ve ,he in.erac.ion o, 
rece P ,or,igand compiexes with guanine nuCeotide-bindin, proteins (G-pro,e,ns,. For exampie me 
formy, pep,ide recep,ors and o,her 7TMR in permeabilized ceiis o, cei, membranes are sensitive' to 
guanine nuclides and are abie ,o coup,e with G-protei, Sxiar e, a... Keo«o,, of W ece P ,or 
Dyr.arr.cs for Guanine Nucleotides, 262 J. of Biol. Chem. 135-139 (.987). 
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Tradltiona, methods for examining receptor behav,or retire a separata s,ep, „eauen»y 
,nvo,vi„gcentrif U g a , to „ o, f „,ra,ion. These sleps ^ n01 optima| ^ ^ 

equilibrating systems. 
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Mr assays were developed to study binding interacts. ^ 0 s ^ ^ 

4. 2 75,,49. ,0 Li,™ e, a,.. en,,„ed W _c U)ar C „„ W ,>, Specffic ReceptoMMays 

wh*h disposes ,he use of beads, and enhancemen, or diminufcn „, signs, (i , e . ^ 
due ,„ a recaps interacfon , ^ „. ^ Qf ^ ^ 

assay does not alio* quanMon or elucidate of actual binding events. 

U.S. Patent No. 4.665.020. to Saunders, entiued F^Cy^er^^,^ 

*o si.es of beads are added ,oge,her, and anafyzed by now cytomet* for large,, size o, aggrega.ee 
represent bound recep«gand comp,exes. This assay eliminates tbe need for a washing step bu, 
does no, have the ab»ity ,o assess a library o, ligands simuKaneously t„und to beads. 

U.S. Patent No. 5,747.349. to van den Engh e, a,., enWed «„, Reporter Baa* 
*** discloses reporter mCecfes bound to a fluorescent bead whfch is sensi«ve ,o some aspec, of 
■5 the analyte e.g., pH or oxygen ^ causing a change in fluorescence. Tn, assay d«s no, detect 

aggregates. 
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U.S. Paten, No. 5,405.784, ,o Van Hoegaerden. entitled AggUn^ Melhod forlhe 
OmnMhn o,M Mlpls Uga „ ds . dlsdoses , he use „ ^ ^ ^ ^ ^ 

20 substances. Oifferentiigands are associated with fluorescence of different colors. This assay does no, 
allow for bound or free receptors to identify ligands on libraries. 

U.S. Patent No. 5,601 ,992, to Urner e, al.. entifJed Pep,«e ^ and MelMs 
*«ng rnereto, and U.S. Patent No. 5,698,85, ,o Summer.cn e, a,.. en,i„ed Morpnof/no-Subun/f 
25 Comb^a, uk* an^efnocf, also do no, en,ai, a method ,o q uan,i,a,e and e,ucida,e speciflc 
receptors, and canno, be used win, flow analysis for real-time kinetic analysis. 

The above inventions lack the ability ,o de,ec, ligands and drug interacions in real-time kinetic Of 
assays, and do not examine the possibilities of such assays with 7-TMR. The presen, invention g^/ft: 
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and resonance energy transfer (RET) assays to determine the effect various d™ g s (expressed in 

condone, Hbrahes or i„div M ua„y h solution, have on lr , e ^ ^ ^ 

enzymatic acwties in receptc s,na, transduce and , eminata „ afeo ^ ^ 

rn.ecu.ar mechanisms * p ur *ed proteins under physical, meaning condi B ons and «, Known 

evaluated as drug targets. 



^^EmsjmaiTiON mn. ™ „ „ F T , , r , r| . T , m , | 

comprise the steps of incorpora« ng an attachment scheme ,o a receptor, soiubil^o the receptor and 

OS tao ,s .noorporated, preferably into an „„onu*o U de. and preferably into an FPR construe, phor to 

The receptor is prefer^ soluble by ,ysi„ g ceii membranes cctainin, *. receptor 
Prefers, the receptor is presented by amnlty coup,in g the receptor ,o a parfcutate subsfrate 

^"'^^^-^^^^^^^^ 

preferably on a Ni 2 * silica bead. 
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in an aiternar™ embodiment, the method further comprises the step of presen,in g a, ,eas, One 
l,and to hind to the receptor, preferably on a support, and preferahiy a iibrary o, ,i g ands. The method 
a«ema,i»e,y further comprises ,e step „,comb,„in 9 the receptor and ,,and to accompiish hi„di„ 9 
Preferably, the „ g a„d is associated with a ma g „e t ,ca„y iaheied support, and aiternative, the ,i g and is 
fluorescently labeted or alternatively the receptor is fluorescent* febeied. 

In a preferred embodiment o, the present invents, the methc. further comprises the step o, 
so* g the bound receptor ,i g and pairs by florescence. Preferably, they are seed by flow cylomet^ 
more preferabiy by si Z e, and alternatively they are sorted by ma 8 ne t ,c field. In an alternative wtMn 
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bound molecuie ,o bioc* me bindin g 0 , me rec „ ^ ^ prefera6|y ^ |msi 
present ,„ an a,,e,na„ve embodiment 0 „he presen , ^ ^ ^ ^ 

conjunction with a micelle. 



is 

in 
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The presen, invention is aiso a method fo, „ g a„d i nto a*n anaiysis and drug discovery 
^^^'^^^^.^.^^ 

— ft. resonance ener g y transfer resulU „ g ^ ffie ^ , ^ 

grated into a m ,cei,e. Ai.ema.vei, the receptor is prefer .ethered. preferabf, to heads v* 

* W Mayer - " «— *r associated h the micelie wiih a 

descent acceptor. pre ferah, y rhodamine. Texas Red or Fas, OM. Mema B vei, the receptor has 
^rescence incorporated, preferabiy as essoin «h a G PP chimera. ,„ a preferred embodiment of 
■he presen, invent, a ,i g and te soiubie. and preferabiy is co„ juga ,ed ,o a foreseen, donor, and more 
preferably fluorescein. 
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in a preferred embodiment of ,he presen, ,ven,io„. *. method furfter comprises me s ,ep of 
*,ectin g ,,and bind,„ g ,o recep.or us,n g resonance energy transfer,^,, preferablv by 

" rMder ' °' ™~ « - of ,i 9 and ,o recep,or by us ,n g resonance ' 

-^'-^<''",^een,he nu orescen,donor 1 i g and a nd th en„,accep t ora SS oc,a,ed 
20 with the receptor or the micelle. 



Preferahiy, a soiubie moiecuie ,o be studied is present ,o dispiace ,be reoep,or from the ,,and 
and a„erna,ive,y a iibran, „, monies is present. preferabiy a iibrary of dru g moiecuies, more " 
preferahiy on a support, and mos, preferabiy on a bead. Preferabi, the slep 0 , measuring ,be 
resonance ener 0 y transfer, esu„ing from ,he dispiacemen, compnses measuring a diminished RET 
srgnai. preferabiy measured using ratiometric de,ec„on. and preferabiy inciudes measuring using „o„ 
cytomet^ ,o identify bound moiecuies. Preferabiy ,be method fcrther compnses after presenting a 
'.and. the step o,e,posin g „e receptor ,o Cprotein. The inven,ion aiso compnses a dru, discovered 
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by the process comprising the steps of presenting a receptor within a micel.e. presenting a ,igan d on a ^ ^ 

JZJP si Jell/ 
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bead to associate with the receptor, presenting the drug to be studied to displace the receptor from the 
ligand, and measuring the resonance energy transfer resulting from the displacement. 

A primary object of the present invention is to provide a display of 7-TMR that can be utilized in 
5 both flow cytometry and multiwell plate analysis for kinetic studies of binding interactions; 

Another object of the present invention is to provide a method for ligand discovery; 

A further object of the present invention is to provide a method for discovering receptor G-protein, 
10 receptor kinase or receptor arrestin. blocking agents; 

Still another object of the present invention is to provide a method of receptor-binding detection 
that does not utilize a fluorescent ligand. 



15 A primary advantage of the present invention is to elucidate binding interactions in real-time 

studies without a washing step; 



Another advantage of the present invention is the ability to rapidly screen large combinatorial 
drug libraries; 



20 



Yet another advantage of the present invention is the ability to isolate and analyze the receptor in 

a single step procedure; and 



A further advantage of the present invention is the ability to quickly screen solubilized drugs for 
25 effects on binding and signal transduction actions. 

Other objects, advantages and novel features, and further scope of applicability of the present 
invention will be set forth in part in the detailed description to follow, taken in conjunction with the 
accompanying drawings, and in part will become apparent to those skilled in the art upon examination of 0" 
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the following, or may be learned by practice of the invention. The objects and advantages of the 
invention may be realized and attained by means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 



5 . BRIEF DESCRIPTION OF T^F PFflWfH^ 0 

The accompanying drawings, which are incorporated into and form a part of the specification, 
illustrate several embodiments of the present invention and, together with the description, serve to 
explain the principles of the invention. The drawings are only for the purpose of illustrating a preferred 
embodiment of the invention and are not to be construed as limiting the invention. In the drawings: 

10 

Fig. 1 is a cross-sectional view of a 7 transmembrane receptor spanning a membrane; 

Fig. 2a is a graph showing the ligand fluorescence of membrane preparations as a function of 
receptor input; 

15 

Fig. 2b is a graph showing the amount of ligand bound in membrane versus solubilized extracts; 

Fig. 3a is a plot showing the fluorescence of Ni 2+ silica particle incubated with receptors; 

20 Fig. 3b is a plot comparing ligand-receptor dissociation characteristics for soluble and bead 

bound receptors; 

Fig. 3c is a plot showing the uptake of receptor by the Ni 2+ silica particles; 

25 Fig. 4a is a flow cytometric light scatter plot showing characteristics of silica particles in the 

presence of specific ligand binding, showing that particles are heterogeneous; 

Fig. 4b is a flow cytometric light scatter plot showing characteristics of silica particles in the Qy%/3ffif 
presence of non-specific ligand binding; qj^jg,^ 




Fig. 4c is a fluorescence histogram of specific ligand binding; 
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Fig. 4d is a fluorescence histogram of non-specific ligand binding in the presence of antagonist; 
Fig. 4e is a fluorescence histogram of quantitative bead standards; 

Fig. 4f is a plot showing the various ligand signal to background ratios of different receptor input; 

Fig. 5a is a plot showing the function of ligand binding relative to fMLFK-FITC concentration; 

Fig. 5b is a plot showing the estimated K, of specificity from the sigmoidal dose response curve; 

Fig. 6. is a diagrammatic of the detection components with ligand, receptor, micelle, beads and 
15 assembled components; and 

Fig. 7 is a diagrammatic side view of an alternative embodiment of receptor and ligands tethered 
to a bead, after exposure to a soluble molecule, showing dissociation of peptide and antibody resulting 



diminished RET. 
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DESCRIPTION OF THF PRFF FRRgp FMROPI^ fnjq 
(BEST MODFS FOR CARRYIN G OUT THF IMX/fnitiom) 
The present invention comprises a novel display of 7-transmembrane receptors (TMR) for use in 
25 bead or micelle systems to detect binding and subsequent G-protein interactions in response to various 
molecules, i.e. drug libraries. They allow for real-time kinetic analysis by eliminating a washing and 
pelleting step. The receptors (FPR or His 6 FPR, e.g.) are generated by PGR amplification of existing or 
mutant constructs of FPR. The constructs are then transfected into cells, which are tested for expression 
and function. In order to examine receptor molecular assemblies, broken cell preparations such as ^ 




membranes and permeabilized cells are used to allow access to both intracellular and extracellular 
receptor faces. Preferably, membranes are prepared from the cells expressing the wild type or C- 
terminally His-tagged N-formy. peptide receptors, and the receptors solubilized in dodecyl maltoside. 
The solubilized receptors are then ready for use in bead assays or micelle assays. 

5 

For presentation on beads, the receptors are bound to Ni 2+ silica beads or other derivatized 
microspheres of appropriate composition, and then are detected in the flow cytometer. When FPR are 
bound to beads using either the N-His or C-His tags, they are able to bind fluorescent ligand. (Other 
attachment schemes, such as biotin or GST tags, are also appropriate.) The N-His receptor can be used 
10 where the "extracellular face" of the receptor is in proximity to the bead and the intracellular face is away 
from the bead and consequently available to the G-protein. The bound bead is then used in ligand 
discovery. 
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In one embodiment, fluorescence is used to analyze ligand binding and dissociation with 
membranes and solubilized receptors. This involves a fluoresceinated ligand and an antibody to the 
fluorescein which discriminates free and receptor-bound ligand by rapidly quenching the fluorescence of 
the free ligand and quenching the fluorescence of the receptor-bound ligand only after it dissociates from 
the receptor. The quantity of receptor-bound peptide can be determined as the observed fluorescence of 
the sample immediately following addition of the anti-fluorescein antibody. 



The receptor binds fluorescent ligand specifically in a concentration range consistent with 
endogenous receptor expressed on the surface of neutrophils. Site density of the FPR on the beads is 
controlled by amounts of soluble protein added to the beads. Receptor-coated beads can be kept at 4°C 
for extended periods of time, and can then be used in a variety of receptor binding studies. For example, 
25 the receptors can be used in ligand binding studies based upon fluorescent or magnetic labeling, and 
such binding pairs can be detected/selected by resetting and subsequent flow cytometry sorting or 
magnetic sorting. Ctttfllfa 
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Yet another advantageous use of receptors displayed on beads or solubilized including 7-TMR, i: 
ligand discovery by resonance energy transfer (RET). In RET, a signal arising from the association of a 
ligand-receptor pair (fluorescent donor on the ligand and a fluorescent acceptor associated with the 
display system, or when the pair is on beads, acceptor associated with the ligand and donor associated 
with the receptor or micelle) is sensitive to the presence of a soluble or bound ligand in competition with 
the binding between the tethered components. Ligand binding can be followed as a change in bulk 
fluorescence signal resulting from energy transfer between the ligand and the micelle. This system 
allows detection and analysis of molecular assemblies in multi-well plate and flow cytometry based 
assays. 



While it is possible to detect the binding of small molecules to beads directly by their fluorescence 
or indirectly through competition with fluorescent molecules, there are obvious advantages to having 
detection schemes in which all the fluorescence components are in the receptor display itself. Fig. 6 
shows a situation in which if the fluorescence acceptor is in the micelle, the RET signal results from 
1 5 association of donor ligand with the micelle. 
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The receptors are solubilized into DOM micelles. In this use of RET, the association of the 
fluorescent probe such as Fast Di-I or rhodamine lipid partitioned into a detergent micelle, would confer 
the fluorescence to the micelle. Only the micelles having associated receptors are capable of binding 
beads. The association of the receptor with the ligand on the bead confers the specificity of the capture. 
The association of the receptor and its corresponding fluorescent micelle generates the fluorescent 
signal. The selected receptors can then be used to identify libraries on beads. The association of the 
ligand with the particle surface is detected by RET between the ligand and the fluorophores associated 
with the bead surface. In the case of bead-bound libraries, only beads that display ligands in the library 
will bind the receptor micelles and thereby become fluorescent. The receptor-associated fluorescence 
then moves from the small ligand bead to the large library bead where it can be sorted. 

Alternatively, the soluble receptor is either originally in a micelle with an acceptor for ligand 
fluorescence, or the receptor has fluorescence incorporated or embedded into the receptor (e.g. GFP 9? 

if AS ^/nM 



chimera). If the receptor binds to the drug, the pair fluoresces. In the presence of soluble combinatorial 
libraries, the specific binding of receptors to ligands in micelles or beads is inhibited. By examining the 
number of receptors on beads as a function of the input receptor concentration, the binding constant 
between the receptor in the micelle and the ligand on the bead can be determined. Also, by examining 
5 the fluorescence signal in micelles or beads as a function of drug concentration, the binding constant of 
the drug can be determined. This approach is extended to study drugs that block the increased binding 
of the receptor and ligand in the presence of G-protein using RET between ligand donor and micelle 
acceptor. 

3 The presence of G-protein increases the binding of the ligand and the receptor. When G-protein 

is incubated with the receptor, the ligand dissociation becomes slower. This rate increases again with 
the addition of guanine nucleotide such as GTP 7 S. The ligand affinity is also increased with the 
presence of the nucleotide. To determine if potential drug molecules are capable of disrupting receptor- 
G-protein complexes, receptors are assembled to G-proteins in the presence of fluorescent ligand. G- 
protein concentration is in the nM to jxM range. Following incubation of minutes to hours, the association 
of G-protein with receptors is verified either in a direct measurement of G-protein fluorescence on beads 
or indirectly with ligand dissociation rate. This approach can be used to distinguish ligands which are 
agonists and promote receptor-G-protein coupling, and antagonists which do not. The approach can 
also be used to identify drugs which block receptor-G protein interaction and those which do not. In 
particular, antagonists will interfere with ligand binding but will not be affected by the presence of G 
protein; agonists will interfere with ligand binding when G protein is present or absent; and drugs which 
target G protein receptor interaction will block ligand receptor interaction when G protein is present but 
not when absent. 



Industrial Applicability : 

In the following examples, plasticware was obtained from VWR Scientific Company (West 
Chester. PA). Chemicals and reagents were obtained from Sigma (St. Louis, MO) except where 
otherwise noted. U937 cells (human histiocytic lymphoma) were obtained from American Type Culture 
Collection (ATCC, Rockville. MD). Cells were grown in tissue culture treated flasks (Corning. Corning. ^ MM 




-12- 



NY) in RPM1 1640 (Hyclone. Logan. UT) containing 10% FBS. 2mM L-glutamine. 10mM HEPES. with 
10U/ml penicillin and 10ng/ml streptomycin. Cultures were grown in standard tissue culture incubators at 
37°C with 5% C0 2 , and passaged from subconfluent cultures every 2-3 days by reseeding at 2x1 0 5 
cells/ml. 

Example 1 

The hexahistidine tag was incorporated into a C-terminal oligonucleotide. This oligonucleotide 
was used in conjunction with an N-terminal oligonucleotide and pfu polymerase for PCR amplification of 
the FPR. Automated dideoxy sequencing was performed to confirm the sequence. The receptor-tagged 
constructs were transfected into U937 cells by electroporation and selected with G418. The transfected 
cells were identified by fluorescent peptide binding and sorted by flow cytometry. In typical preparations, 
the receptor density was determined using fluorescent peptide and flow cytometric analysis to be 
-300,000 per cell. 



U937 C-His FPR cells were harvested, centrifuged at 200xg for 5 minutes and resuspended in 
cavitation buffer at a density of 10 7 cells/ml at 4°C (10nM PIPES. 100mM KCI, 3mM NaCI. 3.5mM MgCI 2 . 
600ng/ml ATP, 50uM PMSF. 20^g/ml chymostatin, and 0.05% DFP). The cell suspension was placed in 
a nitrogen bomb and pressurized to 450 psi using N 2 gas for 20 minutes at room temperature. Unlysed 
material was separated by centrifugation at 1000xg for 5 minutes at 4°C. The supernatant, containing 
membranes, was washed twice by centrifugation at 135,000xg for 30 minutes at 4°C, then resuspended 
in HEPES sucrose buffer (200mM sucrose. 25mM HEPES, pH 7), aliquoted, and stored at 
-80°C until use. 



Lysed membranes were thawed and diluted to 1-2x10 8 membrane cell equivalents/ml (CEQ/ml) ir 
binding buffer (BB, 30mM HEPES, 100mM KCI. 20mM NaCI. 1mM EGTA, 0.1% w/v BSA, 0.5mM MgCI 2 , 
1mM PMSF). Preparations were maintained at 4°C throughout the extraction process. 



Examnle ? 



fa tfnfa 
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Membranes from transfected cells expressing C-terminal His-tagged N-formyl peptide receptors 
were prepared as above. Membranes were centrifuged at 135,000xg for 30 minutes and resuspended to 
6x1 0 8 CEQ/ml in BB containing a broad protease inhibitor cocktail (Calbiochem. La Jolla, CA) and 1% n- 
dodecyl p-D-maltoside (DOM). Preparations were incubated 60 minutes at 4°C with agitation. The 
5 insoluble fraction was separated by centrifugation at 87.750xg for 30 minutes. The supernatant was 
removed, and this extract was used for experimentation. 

To affinity-couple formyl peptide receptors to a particulate substrate, Ni 2+ -nitriloacetate coated 
silica particles (Ni-NTA, Qiagen. Santa Clarita, CA) were added to U937 C-His FPR membrane extracts 
10 at 10mg/ml and incubated at 4°C for 30 minutes with gentle mixing. This concentration of silica 

produced 1.15x10 6 silica particles/ml as measured using a hemocytometer. Silica particles ranged from 
approximately 2-20nm in diameter with random non-spherical shapes. Since silica particles settle rapidly 
from suspension, samples required gentle resuspension by inversion or pipetting at each handling step. 

15 Following preparation at 4°C, samples were equilibrated to 22°C and placed into the 

spectrofluorometer with constant stirring. Fluorescence associated with formyl-met-leu-phe-lys-FITC 
(fMLFK-FITC, Peninsula Laboratories, Belmont, CA) was measured by a SLM 8000 spectrofluorometer 
(Spectronic Instruments, Rochester, NY) using the photon counting mode in acquisition. Data were 
acquired for 200-420 seconds in 1 -second intervals. Typically, background fluorescence was obtained 
20 for the first 20 seconds. fMLKF-FITC was added, and fluorescence was measured to 1 80 seconds. 
Then, an antibody recognizing fluorescein was added to the sample. Binding was detected as residual 
fluorescence following addition of antibody to fluorescein. Data for each separate curve represented a 
varied 7-TMR receptor input expressed as the quantity of receptors present in a sample of extracted 
membranes prepared from an equivalent number of cells/ml (CEQ/ml). The antibody bound fMLFK-FITC 
25 with high affinity and resulted in essentially complete quenching of fluorescence associated with free 
ligand. Thus, the remaining fluorescence represented the bound fraction and was used to estimate the 
concentration of bound ligand. Fig. 2a shows the behavior of the membrane extract in an assay with 1 
nM fluorescent formyl peptide as a function of receptor input. Fig. 2b shows comparison of the amount 
of ligand bound in the assay for membranes and solubilized membrane extracts (determined as in Panel 

</V 9 fa fa 
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A) as a function of the amount of membrane used. (Note that if 20% of the cellular receptors 
(-300.000/cell) are recovered in the membrane preparation and solubilization steps, 10 7 CEQ/ml would 
provide about 1nM receptors.) 

Example 3 

The solubilized receptors were displayed on silica particles in a format compatible with flow 
cytometry. Fig. 3a shows the results of a receptor recovery assay in which the particles were incubated 
with solubilized receptors. The uptake of C-His FPR onto Ni 2 *-NTA silica particles was demonstrated by 
the depletion of receptor from FPR extracts. The experiments were performed with 1 nM fMLFK-FITC, 
1 .5 x 1 0 7 cell equivalents/ml of membrane and 20 mg silica particles/ml. The spectroscopic analysis 
used the antibody to fluorescein to examine ligand binding. The binding curves are depicted from top to 
bottom: receptors present on silica particles, receptors present in the membrane extract, receptors 
present in the supernatant after silica particles have been removed from the extract, control sample in 
which a blocking peptide (10" 5 M tboc-phe-leu-phe-leu-phe) inhibits the specific binding. In the presence 
of the particles, receptors were quantitatively sedimented out of the bulk phase. Binding of ligand to the 
particle-bound receptors resulted in an increased ligand binding signal (due to slower ligand dissociation 
and a higher binding affinity). Figure 3b compares the ligand-receptor dissociation characteristics. 
Dissociation rates are determined from Fig. 3b by subtracting the non-specific binding in the blocked 
control from the specific binding and replotting the data on a semi-log scale. From top to bottom the 
curves are: the ligand dissociation from receptors in the membrane extract in the presence of the silica 
partices; the ligand dissociation in the particulate fraction of the extract after pelleting by centrigation and 
resuspension; the ligand dissociation from solubilized receptors; the ligand dissociation from the 
supernatant of particles and solubilized receptors. 

Based on the nearly linear rate of dissociation, the receptors displayed on the particles were 
essentially homogeneous. Figure 3c shows the uptake of receptor by the particles as a function of the 
particle density. The increase in total ligand binding compared to the membrane extract, as more Ni 2 *- 
NTA is added, was a consequence of the increase in ligand affinity seen in Fig. 3a. About half of the 
receptor (-0.2-0.3 nM) was bound by the silica particles at a concentration as low as 1 mg/ml particles. Q^^M 
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More than 80% of the receptor was bound at 20 mg/ml particles. The reported binding capacity of the 
particles was approximately 500 pmol/mg. indicating that excess unused binding sites on the particles 
were present under these conditions. Since the number of receptor binding sites on the particles 
represent several million per particle, the amount of receptor displayed on the particle depended on the 
receptor input relative to the particle density. The level of receptor remaining in the supernatant was 
consistent with a K,, in the nM range between the his-tagged receptor in detergent and the Ni 2+ -NTA 
binding sites on the particle. 



10 



15 



20 



25 



Example 4 

Experiments to assess the quantitative affinity-coupling of soluble C-his FPR to Ni 2 *-NTA silica 
particles and the relative affinity of the receptor on the substrate for ligand were performed using a 
FACScan flow cytometer (Becton Dickinson Immunocytometry. San Jose, CA). Ten thousand events 
were analyzed per sample, using a threshold on forward angle light scatter and forward angle versus 90° 
light scatter dot plot gating to resolve the primary population of silica particles. Data was collected from 
FL1 (FITC fluorescence) in log mode with no spectral compensation. Figs. 4a and 4b show light scatter 
characteristics of silica particles by flow cytometry in the presence of specific (a) and non-specific (b) 
ligand binding. Fluorescence histograms of specific (Fig. 4c) and non-specific (Fig. 4d) ligand binding 
were compared to (Fig. 4e) fluorescence histograms of quantitative bead standards. The flow cytometric 
dot plot of SSC vs FSC shows that the particles are heterogeneous (Figs. 4a and b). However, the FL1 
histogram data shows that there is specific ligand binding (Fig. 4c), compared to the non-specific binding 
signal obtained when antagonist is present (Fig. 4d). An estimate of the number of receptors displayed 
per particle was made using calibration standards for fluorescein labeled ligands (Fig. 4e). The average 
number of fluorescein equivalents per particle was about 1.5 million, similar to the highest standard. In 
order to convert flow cytometer data to ligand binding measurements, several additional factors must be 
taken into account: the relative fluorescence of free fluorescein compared to conjugated FITC (85%) and 
the quenching upon binding to the receptor. The number of receptors occupied at particle saturation is 
therefore estimated to be -2 million. Taking into account the K, and the ligand concentration, as 
described in Fig. 5 below, the total number of binding sites per article is on the order of 3 million. Under 
optimal conditions, a fluorescent ligand signal to background ratio of at least 30:1 can be obtained (Fig. 7' 
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40- The optimal signal is obtained by varying the input of the receptor at fixed particle density with the 
signal saturating at an input of receptor above 10-15 million cell equivalent/ml. Samples were prepared 
and analyzed at 4°C. The five bead populations represented 0, 48,900, 87,400, 552,000, and 1,510,000 
fluorescein equivalents. Experiments were performed with 10 nM fMLFK-FITC, 10 mg/ml silica particles, 



included silica particles with no receptor in the presence or absence of /MLFKF-FITC and samples in 
which the binding of /MLFK-FITC was inhibited by preblocking with t-boc-phe-leu-phe-leu-phe or F-met- 
leu-phe-phe-gly-gly-lys. 

The specificity of ligand binding by FPR was demonstrated by evaluating ligand binding as a 
function of increasing /MLFK-FITC concentration in flow cytometry experiments, as shown in Fig. 5a. 
Control experiments examined the signal in the absence of receptor on beads. Blocking experiments 
were performed in the presence of receptor and 10 blocking peptide. As shown in Fig. 5b, the Kd 
was estimated from the specific fluorescence by fitting the data to a sigmoidal dose response curve. 
Experiments were performed at 1.5 x 10 7 cell equivalents/ml and 10 mg/ml silica particles. (See Fig. 5) 

Example 5 

Fig. 6 shows components of the detection system. These include ligand 16, receptor 18, epitope 
tagged receptor 20, micelle 22, receptor 18 in micelle 22, bead 24, receptor 18 in micelle 22 on bead 24 
with tag 26 or ligand. These can be used with direct or RET fluorescence detections bulk or flow 
cytometry. In RET detection, donor and/or receptor and/or micelle and/or bead can be fluorescent. RET 
can occur between any combination of components. In bulk phase, preferably the donor is on the ligand. 
In cytometric detection, preferably the acceptor is on the ligand. If additional components bind to the 
receptors (i.e., G proteins or other intracellular components) they can also be fluorescent. 

Example 6 

Shown in Fig. 7, G-protein was incubated with receptors and 10nM fluorescent peptide at 37°C 
for two hours. The analysis was based upon an antibody to fluorescein which quenches the 



and 1.5 x 10 7 CEQ/ml. The blocking peptide t-boc-phe-leu-phe-leu-phe was used at 10* 5 M. Controls 
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fluorescence of the free peptide but not the peptide bound to the receptor. In Fig. 7, the lower curve 
represents a control for non-specific interaction in the presence of a non-fluorescent blocking peptide. 
This illustrates that when G- P rotein is incubated with the receptor, the ligand dissociation becomes 



slower. 



The preceding examples can be repeated with similar success by substituting the generally or 
specifically described reactants and/or operating conditions of this invention for those used in the 
preceding examples. 

Although the invention has been described in detail with particular reference to these preferred 
embodiments, other embodiments can achieve the same results. Variations and modifications of the 
present invention will be obvious to those skilled in the art and it is intended to cover in the appended 
claims all such modifications and equivalents. The entire disclosures of all references, applications, 
patents, and publications cited above are hereby incorporated by reference. 



